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A nosocomial infection (NI) is an infection acquired by a patient in a hospital or other healthcare facility. 1, 2 NIs are a substantial burden both for the patient and for public health. 1 The estimated prevalence of NIs among hospitalized patients in Germany in 1994 was 3.5%. 3 To our knowledge, only 3 published studies on the prevalence of NIs also address gastrointestinal NIs: the prevalence of gastrointestinal NIs in general hospitals was found to be 0.4% in Italy, 4 4.1% in Greece, 5 and 3.5% on average (stratified by ward, 0%-13%) in a point-prevalence study performed in France. 6 We therefore aimed to investigate the role of NIs among the 4 most prevalent types of gastrointestinal infections captured within the notifiable disease surveillance system in Germany from 2002 through 2008 and to identify changes over time and possible risk groups, which might lead to improved prevention of gastrointestinal NIs.
methods
Local health departments receive notifications from laboratories or clinicians, verify the cases according to the national case definitions, and forward them electronically to the Robert Koch Institute in Berlin, Germany, via the state health departments on a single-case basis with information on the patient's age, sex, laboratory diagnosis, hospitalization status, and so forth. 7 Data transfer within the German surveillance system is anonymous.
We included all cases of norovirus, rotavirus, Salmonella, and Campylobacter infection reported to the Robert Koch Institute from 2002 through 2008 for which information on hospitalization status was available. According to the national case definition, a case of acute gastroenteritis was either confirmed by a laboratory or epidemiologically linked to a laboratory-confirmed case. 8 We determined that a case was nosocomial by taking into account the time between admission to the hospital and disease onset with reference to the mean incubation period [9] [10] [11] [12] [13] of the pathogen, according to definitions of NI used by the Centers for Disease Control and Prevention and the World Health Organization.
1,2 Norovirus, rotavirus, and Salmonella infections with disease onset more than 2 days after hospital admission and Campylobacter infections with disease onset more than 5 days after admission were considered to have been acquired nosocomially. Norovirus, rotavirus, and Salmonella infections with disease onset 1-2 days after admission and Campylobacter infections with disease onset 2-5 days after admission were considered probable NIs. The study population included only cases with known hospitalization status and dates of hospitalization and disease onset. We excluded the following cases for which the patient was hospitalized long before or after the gastrointestinal infection, which would probably have been community acquired: cases with (1) disease onset more than 3 days before hospitalization for norovirus, Salmonella, and rotavirus gastrointestinal infections and more than 6 days before hospitalization for Campylobacter gastrointestinal infections, because those are community acquired and not related to hospitalization; (2) disease onset later than 25.5 days after hospitalization, because these cases would be highly unlikely nosocomial, taking into account the mean length of hospitalization in Germany; or (3) disease onset more than 3 days after hospital discharge for norovirus, Salmonella, and rotavirus gastrointestinal infections and more than 6 days after hospital discharge for Campylobacter gastrointestinal infections, because these cases again would not be nosocomial, taking into account the incubation periods of the pathogens. Furthermore, we excluded probable NIs, because their nosocomial status could not be proven, so the final study population contained only all cases that were definitely nosocomial or definitely not nosocomial (Table 1) . Within the final study population, we calculated proportions of definite NIs for each pathogen and also stratified by sex, age group (less than 1, 1, 2, 3, 4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-39, 40-49, 50-59, 60-69, and more than 69 years), and yearly and geographical distribution. For multivariate analysis, we used a quartile distribution of age groups. For geographical distribution, we stratified between eastern states (Berlin, Brandenburg, Mecklenburg-Vorpommern, Sachsen, SachsenAnhalt, and Thüringen) and western states (Baden-Württem-berg, Bayern, Bremen, Hamburg, Hessen, Niedersachsen, Rheinhard-Pfalz, Saarland, and Schleswig-Holstein). Multivariate analysis was performed to analyze risk factors and to control for confounding factors.
For the evaluation of the data, we used Excel (Microsoft), and statistical analyses (forward logistic regression including all variables) were performed in SPSS, version 15 (SPSS). All P values are 2-sided, and a P value of less than .05 was considered to reveal a significant difference using the Wald test. (Table 1) . Hospitalization status was known for 98% of norovirus infections and for 99% of rotavirus, Salmonella, and Campylobacter infections. Among those cases with known hospitalization status, 26% of norovirus cases, 41% of rotavirus cases, 23% of Salmonella cases, and 13% of Campylobacter cases involved hospitalization ( Table 1 ). The hospitalization rate among all reported cases increased during the observed time period, especially for norovirus infection (from 4% to 37%); slightly increasing trends are also seen for rotavirus (from 13% to 19%) and Campylobacter (from 13% to 18%), whereas the rate of hospitalization for Salmonella infection was stable ( Figure 1A) .
Of cases involving hospitalization, 45% of norovirus, 53% of rotavirus, 47% of Salmonella, and 64% of Campylobacter cases were included in the final study population. The proportions of definite NIs were 49%, 14%, 8%, and 2%, respectively (Table 1) .
Our results show that the proportions of rotavirus, Salmonella, and Campylobacter NIs in the final study population remained stable over time, whereas the proportions of norovirus NIs showed fluctuating patterns ( Figure 1B ). In the final study population, there was no sex difference in the proportions of definite NIs for infections due to rotavirus, Salmonella, and Campylobacter, but for infections due to norovirus, the proportion of NIs was 47% (16, (Figure 2A ). We also ) were lower. In con-P ! .001 trast to the results of the descriptive analysis, the risk of NI due to all pathogens was slightly lower for female patients (RR, 0.9 [95% CI, 0.9-0.9];
) than for male patients. P ! .001 discussion To our knowledge, this analysis is the first population-based assessment of gastrointestinal NIs. The proportions of NIs in Germany are high (49% of norovirus, 14% of rotavirus, 8% of Salmonella, and 2% of Campylobacter gastrointestinal infections). In Europe, mainly rotavirus infections have been studied in this sense: the median proportion of rotavirus NIs among all hospital admissions in Europe ranges from 0.3% to 27.7% 14 and among rotavirus-associated hospitalizations from 21% to 27%. 15, 16 Our results show that NIs are particularly prevalent in the very young and the very old. Ford-Jones et al 17 found that in children, gastrointestinal infections usually account for 17%-20% of NIs, whereas in adults, NIs occur less often in the gastrointestinal tract. 3, 4 Our estimates for NIs as a proportion of the final study population in patients aged less than 1 year were higher for norovirus and rotavirus infections (16% for each) and lower for Salmonella and Campylobacter infections (6% and 2%, respectively). In the elderly population, we observed NI proportions as high as 65% for norovirus gastrointestinal infections and 41% for rotavirus gastrointestinal infections, whereas the proportion of NIs among Salmonella and Campylobacter gastrointestinal infections were much lower (13% and 5%, respectively).
For norovirus infections, the elderly and immunocompromised patients are more often 18, 19 and more severely affected, whereas, unlike with rotavirus infections, neonates and very young children are rarely affected. 20 This is supported by our study, in which 66% of all norovirus NIs occurred among the elderly, whereas only 0.5% occurred among children aged less than 9 years. These age-related differences suggest that patients with more intensive care during hospitalization may be more exposed to nosocomial transmission.
Interestingly, the proportions of NIs due each pathogen did not show much yearly shift in Germany, except norovirus. , respectively) than in eastern P ! .001 Germany: generally, surveillance sensitivity for gastrointestinal infections is higher in eastern than in western Germany, 24 which could result in a higher denominator when proportions of NIs are calculated. We did not find any significant geographical difference in hospitalization length of stay. Furthermore, geographical differences may reflect not only surveillance differences but also different management styles, thus revealing potential for general improvement.
The high proportion of NIs among the 4 types of gastrointestinal infections in Germany indicates a need for improvement in hospital infection control. Although it is known that hand hygiene is an effective means of preventing NIs, adherence among patients, patients' visitors, and healthcare workers might be poor. 25 Therefore, we suggest additional support for hospital-wide programs promoting hand hygiene and other control measures for the prevention of NIs. 1, 10, [26] [27] [28] [29] [30] [31] Our study had some limitations. Data on hospitalization were not available for all patients, but we do not expect that the factors leading to incomplete capture of hospitalization data would bias the analysis. Our definition of NI was based simply on the incubation period for each pathogen; nonetheless, these differ according to infectious dose and health status of the host. For the NI analysis, we used a very specific definition of NI to ensure that only definite NIs were analyzed. We also did not account for infections occurring after hospital discharge. For these reasons, the true proportion of NIs is likely to be even larger than that described here.
Gastrointestinal NIs do not show a clear trend but are frequent in Germany. This indicates that hospital infection control needs to be improved and suggests that gastrointestinal infections should be addressed by surveillance and infection control programs in hospitals. National prevalence studies on gastrointestinal NIs and analysis of outbreaks caused by these pathogens would complete the data presented and would help to specify the improvements needed in hospital infection control in Germany.
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